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Abstract 
The building sector in Malaysia consumes up to half of the electricity generated in the country. Therefore, there are needs to have a 
continuous effort to promote microalgae as part of an innovative building envelope system. This paper intends to investigate the 
potentiality of implementing the microalgae photobioreactor (PBR) in building envelopes in Malaysia. The findings from the precedent 
studies are synthesised into ten (10) parameters and translated into four (4) design modules. In conclusion, the suggested parameters 
are crucial in establishing microalgae photobioreactor (PBR) as a suitable prospect for energy efficiency in building envelopes in the 
tropical climate. 
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1.0 Introduction 
The development, studies and interest in algae integrated building envelopes are not a new concept in the architecture fields. 
Application of algae in building facades sets new standards in renewable clean energy in the building industry. Some several 
designers and architects propose the application of algae in their buildings or art installation. For example, the world first algae facade 
integrated building, the BIQ House in Hamburg, Germany is enclosed with an algae panel as an active shading device. Other than 
that, the first place winning scheme for the 2011 Ideas Competition by HOK Architects demonstrates the ideas of installing algae 
photobioreactor (PBR) tube on the top surfaces of the opaque building envelopes of the GSA federal building in Los Angeles. 
Recently, HOK also proposed a conceptual design of the net energy zero battery Park Project in San Francisco which incorporated 
algae PBR panels to cultivate algae and reduce carbon dioxide. 
The green building regulations established around the world are intended to provide more efficient energy and water consumption, 
improved indoor air quality and better management of liquid and solid wastes. These objectives are attained through various design 
methods. In tropical climate buildings, the use of sun shading devices for large openings help to prevent heat gain into the building, 
thus reducing the indoor air temperature.  
The integrated algae facade system sets new standards in sustainable design. The implementation of algae in building facade not 
only able to reduce energy consumption, but also generates energy through biofuel and biomass and release oxygen to improve its 
indoor air quality. This approach provides a comprehensive sustainable solution and improves the energy performance for the 
building.  
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1.1 Problem Statement 
 
 
 
Figure 1: The Mapping of Building Energy Consumption Problem – Solution 
(Source: Author) 
 
Malaysia being a developing country with a fast-growing population and blooming economic movement, is burdened by the increasing 
demand for energy supply. According to the United Nations Environment Programme (UNEP), buildings use about 40% of the global 
energy and emit approximately 33% of the greenhouse gas (GHG) emissions. Buildings in Malaysia consume about one-third of the 
total electricity usage within the country. A survey from the National Energy Efficiency Action Plan (NEEAP) shows that the application 
of  MS1525:2014 Code of Practice on energy efficiency and the use of renewable energy for non-residential buildings can help to 
reduce the energy consumption from 200–250 kWh/m2/year to 135kWh/m2/year. Hence, the urgency of emerging energy efficiency 
initiative and utilising renewable energy in new buildings in the country is highly recommendable for the time being to help achieve 
sustainable development goals (SDGs). In Malaysia, roofs and walls are the primary sources for heat transfer in typical buildings. 
Besides that, Malaysia being a hot and humid climate country, has continuous exposure of solar radiation towards building surfaces 
which resulted in the increasing amount of heat (Mirrahimi et al., 2016). In order to ensure comfortable and desirable thermal 
conditions in buildings, the building surfaces must be directly or indirectly secured to minimize heat gain into the building. There are 
some effective strategies that can be used to minimise heat emission in buildings, such as appropriate shading, right building 
orientation, provide vegetation surrounding the building and proper materials for building façades. 
The design of building envelope can directly affect the energy consumption of a building as it functions as a thermal barrier by 
reducing glare and risk of overheating and minimising water penetration from rain all year long. The building envelope is a physical 
separation between the internal and external parts of the building, which consists of walls, floors, roofs, windows and doors. The 
options in selecting the best strategy of building envelope consider factors such as the area ratio of window to wall, shading system,  
exterior wall thermal insulation and the types of glazing. Other than the use of solar panel to reduce building energy consumption, 
there is less renewable energy solution to the problem.  
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As such, this paper intends to investigate the potentiality of implementing the microalgae photobioreactor (PBR) as a suitable prospect 
for energy efficiency in building envelopes in Malaysia. Consequently, the objective of this paper is as follows: 
1) To identify the application of microalgae PBR on building envelopes in existing building designs 
2) To determine the design parameters for the application of microalgae PBR on building envelopes in Malaysia 
3) To propose a suitable building design that utilise the application of microalgae PBR on building envelopes in Malaysia 
 
2.0 Literature Review 
 
2.1 Introduction to Microalgae 
Algae are photosynthetic organisms that can be found in aquatic habitats such as lakes, ponds, rivers, oceans, and wastewater and 
are classified as macroalgae and microalgae. Macroalgae are multicellular while microalgae are single microscopic cells that are rich 
in carbon compounds (Khan et al., 2018) and can be utilized for commercial use through the extraction of chlorophyll (Slade and 
Bauen, 2013). 
 
2.2 Potentials of Microalgae  
Microalgae are able to convert ten (10) times greater solar energy into chemical energy by bio-fixation of carbon dioxide (Sathasivam 
et al., 2017), thus reducing the greenhouse gas (GHG) emissions. According to Zhou et al. (2013), microalgae help to fix the carbon 
dioxide into a source of biofuel. This is supported by Yeang (2008) that discusses the substitution of fossil fuels with biofuels as an 
option to achieve a sustainable future which could power future buildings and cars. Besides that, an experiment in the tropical climate 
building by Ismail and Al-Obaidi (2018), shows that direct supply of carbon dioxide to microalgae flat panel PBR has succeeded in 
reducing heat gain up to 44.9% solar radiation. This proves the significant potentiality of microalgae as a sun-shading device for 
tropical climate buildings. Moreover, Klinthong et al. (2015) state that microalgae require less water and beat the other renewable 
resources with their multiple potentials to absorb carbon dioxide, recycle wastewater, and release oxygen. According to 
Randrianarison and Ashraf (2017), microalgae cultivation are useful in the waste treatment process as it absorbs nutrients from 
wastewater to produce oxygen.  
 
2.3 The Application of Microalgae in Integrated Building Envelope 
The use of algae on building envelopes possesses many benefits. According to Talaei et al. (2017), algae photobioreactors (PBR) that 
are integrated with the building facades can absorb solar radiations to generate energy. It also acts as daylight regulators and 
provides suitable shading device from the direct sunlight and glare with an average shading coefficient up to 67%. The followings are 
buildings which integrate microalgae PBRs on its building envelopes. 
 
2.3.1 BIQ Building, Hamburg, Germany 
An existing building built in April 2013, the BIQ Building is the first algae-powered building in the world. The building facades are 
equipped with a second outer shell which produces microalgae that help to generate energy into the building. The microalgae convert 
sunlight to biomass through the biochemical process, which reduces the carbon dioxide emission through the building facades.  
 
2.3.2 Process Zero Concept Building, Los Angeles, California, USA 
The Process Zero Concept Building is the top winner for Metropolis magazine’s Next Generation® Design Competition in 2011. It 
provides net-zero energy solutions for a 46-year-old federal office building. The proposal is able to reduce the building's overall energy 
demand by 84% through the integration of light wells for daylighting, louvres for natural ventilation, and microalgae bioreactor system 
which absorbs solar radiation to produce lipids for fuel production on-site and provides shading to internal spaces of the building. 
 
 2.3.3 Green Loop Tower, Chicago, Illinois 
The Green Loop Tower is a design proposal in 2014 for an algae retrofitting of the marina city towers in Chicago. The building exploits 
the utility of urban decarbonization by inserting loops of PBRs surrounding the building facades. The loops absorb solar radiation and 
reduce the infiltration of carbon dioxide through the usage of wind power turbines that catch, filter and convert the carbon dioxide to 
oxygen that is released to the city's atmosphere. 
 
2.3.4 In Vivo, Paris, France 
The winner of the Réinventer Paris competition in 2016, the In Vivo building, is designed with active microalgae bio facade. The 
energy generated from the microalgae PBRs is used for domestic hot water and internal heating.  
 
2.4 Microalgae cultivation in building envelopes 
According to Qiu (2014), microalgae are better suited for cultivation in energy production due to their growth rate and high lipid 
content. Mass cultivation of microalgae requires an appropriate culture system. Biloria and Thakkar (2019), states that microalgae 
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cultivation involves the use of daylight, carbon dioxide and organic carbon as a source of energy to produce biomass. There are two 
(2) major systems used in microalgae cultivation which are the open pound and closed-looped photobioreactor (PBR). For building 
envelopes, closed-looped PBRs are widely used. Pruvost (2014), suggests that symbiosis of microalgae cultivation with buildings 
specifically in PBR facade is able to produce about 200g per m3 each day of dry biomass.  Table 1 indicates the consideration of 
various factors in maximizing the microalgae cultivation on building envelopes.  
 
 
Table 1: The consideration of factors to maximize microalgae cultivation on building envelopes 
 
(Source: Author) 
 
2.4.1 Materials  
Photobioreactor (PBR) using transparent vertical tubings such as glass or acrylic, allows the penetration of light for autotrophic 
microalgae cultivation (Zhang, 2015). Qiu (2014) added that PBRs could be made from different transparent materials, but the 
choice of the material determines the durability of the PBR. Acrylic tubing and stacked layers of glass provide longer lifespan as 
compared to other transparent materials. 
 
2.4.2 Thickness  
In designing the PBR panels, the recommended size should be less than 1.5m in height by 0.10m in width with the thickness of a 
maximum of 5 to 6cm to allow for light penetration (Fernandez et al., 2013). According to Slegers et al., (2014), the vertical 
panels should be set apart 0.5m to maintain its efficiency, and it can also be arranged vertically or horizontally for better efficiency 
of the site. 
 
2.4.3 Temperature  
Temperature influences the biochemical process of microalgae. Low temperature reduces carbon assimilation activity while 
extremely high temperature decreases photosynthesis by inactivating the photosynthetic proteins, thus reducing the cell size and 
respiration. According to Singh and Singh (2015), the optimal temperature for microalgae cultivation is between 20–30 °C, but it 
can still tolerate higher temperatures with a lower productivity rate. 
 
2.4.4 Light intensity  
Microalgae require light as an energy source to convert the absorbed water and carbon dioxide into biomass through 
photosynthesis. According to Krzemin ́ska et al. (2014), light duration and intensity directly affect photosynthesis and influence the 
biochemical composition of microalgae and biomass yield. Microalgae cannot grow efficiently in a condition with very low or very 
high light intensities (Mata et al., 2010). According to Bazdar et al. (2018), the optimum range for light intensity in microalgae 
cultivation is between 5000 to 6500 lx, but artificial lighting of 10000lx may boost the productivity rate even higher. 
 
2.4.5 Building orientation and position 
The building orientation and position influence the interception of solar radiation. According to Sierra et al. (2008), the placement 
of PBRs at the east and west orientation provides higher efficiency for latitudes above 35°N while the north and south orientation 
is the preferred position for latitudes under 35°N.  
 
2.4.6 Illuminated area (building mass and exposed surface area) 
Surface area to volume ratio influences the productivity of biomass in microalgae cultivation. The use of closed-looped PBRs on 
large surfaces will increase the exposure to sunlight, thus increasing the productivity rate of microalgae biomass. 
 
2.4.7 Water intake and nutrient supply  
Microalgae can bloom in any water sources. The cultivation of microalgae requires nitrogen and phosphorus as its major 
nutrients with wastewater as an optimum source for these required nutrients (Khan et al., 2018).  
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2.4.8 Integrated maintenance area (Raise Platform, biomass collection point and energy management system) 
According to Wilkinson et al. (2018), the PBR glazing panels and pipes with valves require cleaning and periodic replacement to 
maintain its lifespan and durability. To ensure its continued optimum performance, the closed-looped PBRs require a raised platform 
for ease of maintenance. 
 
2.4.9 Integrated airflow system  
Carbon dioxide is the main source for microalgae cultivation. One (1) tonne of microalgae biomass requires an approximate of 1.8 
tonnes of carbon dioxide. In ensuring a sufficient supply of carbon dioxide, the carbon dioxide scrubbing system is used as an 
alternative to natural means to transport and store the carbon dioxide. This system requires an integrated wind turbine to generate 
electricity for operation. 
 
2.4.10 Building facade aesthetic 
According to Khan, M. I., Shin, J. H., & Kim, J. D. (2018), in recent years, microalgae have gained interest from around the world, due 
to their potential application in renewable and sustainable energy. However, many people are still not aware of this natural renewable 
resources as even considered them as pond scum. According to Pagliolico et al. ( 2017 ), the integration of PBRs in the building 
facades affects the transparency and visibility of the building. While the placement of microalgae PBRs must take into consideration 
the efficiency of energy generation, the microalgae can create a dynamic architectural configuration through the seasonally varying 
activity of bioenergy production and the rising movement of bubbles through the PBRs.  
 
2.5 The Tropical Climate in Malaysia 
The light intensity in Malaysia is shown in Figure 2. The annual mean temperature in Malaysia is 26.4°C, with an average daily 
maximum temperature of 34°C and the average daily minimum at 23°C (Jamaludin et al., 2015). According to MS1525:2014, indoor 
design condition temperature should be between 24C to 26C to ensure thermal comfort for the building occupants. However, research 
by Qahtan (2019) indicates that indoor air temperature of building in Malaysia varies from 26.4C to 27.6C. Therefore, the use of any 
building cooling requirements is highly recommendable to ensure thermal comfort is reached through the use of low e-glass, double 
skin facade or even the proposed microalgae photobioreactor.  
 
 
2.6 Heat Gain and Human Behaviour 
According to Qathan (2019), despite the decrease in outdoor air temperature, indoor air temperature can remain high due to the fact 
that heat is trapped indoor when direct solar radiation infiltrates the glazing. A typical clear float glass when it is wrongly oriented and 
designed will pose difficulty in controlling direct solar heat gain into the building. Furthermore, the inexistence of building cooling 
requirements can implicate the thermal comfort condition inside the building. Zr and Mochtar (2013) said that without using a 
mechanical system in building such as air conditioning and fan for thermal control, the building conditions could disadvantageously 
affect the occupants’ health as well as productivity. 
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3.0 Methodology 
 
The research is divided into four (4) main stages, as highlighted in figure 2. 
 
 
  
Fig. 3: The research direction 
(Source: Author) 
 
3.1 Stage 1 – Integrated Approach To Literature Review 
Stage 1 involves the content analysis of microalgae cultivation, photobioreactor (PBR), tropical climate conditions and provides a 
comparative analysis of the precedent studies and determines the level of application of microalgae PBRs on existing building 
envelopes.  
 
3.2 Stage 2 – Establishment of ten (10) design parameters  
Stage 2 identify and determine the ten (10) design parameters for the application of microalgae PBR in the tropical climate building 
envelope. The establishment of the design parameters are according to the suitability of the Malaysian context and will be used in 
stage 3 and 4. The ten (10) established design parameters are as follows: 
 
I. PBR material 
II. PBR thickness 
III. Temperature 
IV. Light intensity 
V. Building orientation and position 
VI. Illuminated areas 
VII. Water and nutrient supply 
VIII. Integrated maintenance area 
IX. Integrated airflow system 
X. Building facade aesthetic 
 
3.3 Stage 3 – Translation into Design Module 
Stage 3 involves the establishment of four (4) sets of building design modules with different complexity levels of application for 
microalgae photobioreactor on the building envelope. Each module complies with the different aspects of the ten (10) design 
parameters as stipulated in figure 3. The design modules are created using BIM modelling software that consists of the followings: 
 
I. Module A is a basic conventional building with a typical configuration of building block 
II. Module B is an extended rectangular building block that spread out to have larger illuminated areas 
III. Module C is almost similar to module B with an addition of a building core system at each building block   
IV. Module D is a complex building with a high level of configuration and compliances to suit the implementation 
of microalgae PBR in its building envelope 
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Fig 4: Light intensity at different point of the site throughout the year of 2019
(Source: Author)
Fig 4: Light intensity at different point of the site throughout the year of 2019
(Source: Author)
Fig. 2:  Analysis of Light Intensity
(Source: Author)
 
 
3.4 Stage 4 – Quantitative Approach Through Parametric Analysis 
Stage 4 applies the use of parametric analysis through modelling tools, daylight simulation software and formula to explore the 
possibilities and potentialities of the design modules established in stage 3. The Durian Artificial SkyDome simulation and the BIM 
modelling software will help to measure the productivity rate of microalgae biomass and possible reduction of heat gain according to 
the selected measurements as mentioned in 3.4.3. 
 
3.4.1 Daylight simulation using Durian Artificial SkyDome 
The Durian Artificial SkyDome is used for design parameters 3 to 6. It provides generic modelling of site context through an urban 
simulation and establishes data of light intensity at different points of the site, as seen in figure 4 and figure 5. This will help the 
configuration of the design module to spread out according to the light intensity readings on site. 
 
3.4.2 Building modelling using BIM software 
The BIM modelling software is applied in parameters 7 to 10. This software provides a series of building module with emulated 
settings to match the real-time environment. Each design module will have a different level of complexity and configuration applied, 
but the floor area will remain consistent at 8000sqm. 
 
3.4.3 The Measuring Method for Productivity Rate of Microalgae Biomass and Heat Gain Reduction 
Pruvost (2014), suggests that the PBR facade can produce about 200g per m3 each day of dry biomass. This is supported by Ismail 
and Al Obaidi (2018) that uses the same formula of 200g/ m3/day to calculate microalgae biomass in their study on microalgae facade 
in the tropical climate. In addition, Ismail and Al Obaidi (2018) also added the w/ m2/percentage formula to calculate the possible 
reduction of heat gain due to solar radiation in their findings.  
 
3.5 Limitation of Study 
The urban simulation is conducted at a sewerage plantation lake which is a potential option for microalgae growth and might differ in 
terms of its growing capabilities in other urban site conditions. Besides that, although the BIM Modelling Software provides functions to 
perform the building energy analysis such as thermal comfort, there is a limitation in terms of the application of the photobioreactor 
(PBR) panels due to the restrictions of the specific components to conduct the simulation. Therefore, the study will only focus on the 
existing measurement formulas to determine the possible reduction of heat gain through the production of algae biomass in the PBR 
panels.  
 
Fig 4: Light intensity at different point of the site throughout the year of 2019
(Source: Author)
Fig 4: Light intensity at different point of the site throughout the year of 2019
(Source: Author)
Fig. 2:  Analysis of Light Intensity
(Source: Author)
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4.0 Findings  
 
4.1 The level of application of microalgae PBR on building envelopes 
Table 2 illustrates the different level of application of microalgae PBR on building envelopes in four (4) different building types. 
 
Table 2: Comparison of precedent studies 
 
(Source: Author) 
 
According to table 2, each building has different methods of application on the installation of the microalgae photobioreactor 
(PBR), particularly on the design of the PBR. From the analysis of the comparisons, the BIQ building has the most significant level of 
application due to the usage of the flat vertical panel PBR that is flexible and suitable for its climate. 
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4.2 The establishment of the design parameters  
The information gathered from Table 1 are extracted and extrapolated into ten (10) design parameters for microalgae PBRs on 
building envelopes based on its suitability for the Malaysian context, as shown in Table 3. 
 
Table 3: Brief description of the design parameters 
 
(Source: Author) 
 
According to table 3, there are ten (10) design parameters that can be applied for building envelopes in Malaysia. These 
parameters are ranging from the physical design of the microalgae PBR to the mechanical considerations and its aesthetical values.  
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4.3 Design parameters vs Design Modules 
Table 4 to 7 illustrates the different applications of the established design parameters in four (4) different design modules.  
 
Design Module A 
 
Table 4: The established design parameters for building facade with integrated microalgae PBR for Design Module A 
 
(Source: Author) 
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Design Module B 
 
Table 5: The established design parameters for building facade with integrated microalgae PBR for Design Module B 
 
(Source: Author) 
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Design Module C 
 
Table 6: The established design parameters for building facade with integrated microalgae PBR for Design Module C 
 
(Source: Author) 
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Design Module D 
 
Table 7: The established design parameters for building facade with integrated microalgae PBR for Design Module D 
 
(Source: Author) 
According to table 4 to 7, all modules have similar applications of the established design parameters, but each module possesses 
a different level of compliance. Module A managed to comply with 40% of the parameters because it only covers the four (4) basic 
requirements while Module B and C are higher with 60% and 80% compliance respectively. Module D applies all the ten (10) design 
parameters suggested within this study and achieve the highest level of compliance in this parametric analysis. 
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5.0 Discussion 
 
 
Figure 8: Aerial view of Module D  
(Source: Author) 
 
Based on table 2, the comparative study between the four (4) selected buildings provides further understanding for a useful application 
of microalgae photobioreactor (PBR) on building envelopes. This understanding contributes to the establishment of the ten (10) design 
parameters, as mentioned in table 3. The next stage involves the translation of the established design parameters into four (4) types of 
design exploration modules that comply with the different sets of parameters and test using the quantitative parametric analysis. 
Table 8 summarizes the efficiency score for all design modules. The findings show that all four design modules comply with the 
four (4) basic requirements for microalgae cultivation which are the materials used, panel thickness, temperature, and light intensity. 
Module A has the lowest microalgae biomass productivity rate as compared to the other three (3) modules because it only complies 
with the basic requirements needed for microalgae growth. The east and west building orientation is one of the major determining 
factors that influence the efficiency of biomass productivity. This strategy is applied in modules B, C, and D, with an increase of the 
illuminated surface area to utilise the exposure to the sun. 
The integrated maintenance area and the centralised building core with integrated filtering, pumping and riser system, which is 
seen in module C and D allows the collection of water and nutrient from the sewerage plantation lake. This method reduces the 
regular water intake and nutrient supply from the external source. The integrated services together with the airflow system as 
proposed in module D, allow efficient regular maintenance and is proven to be more effective in improving the microalgae biomass 
productivity rate. Overall, the existence of an integrated maintenance area and airflow system in the building will further ensure the 
efficiency of microalgae cultivation. Furthermore, to avoid the bulky and unattractive appearance, the design of the microalgae PBR 
follow a seamless curve which also helps to increase the size of the illuminated surface area. The findings in table 8 indicate that 
module D has the best microalgae biomass productivity rate and reduction in building heat gain as it complies with the ten (10) design 
parameters suggested within this study. In the parametric analysis, it is evident that the suggested design parameters are essential for 
the application of microalgae photobioreactor (PBR) in tropical climate building envelopes.  
Furthermore, the study also suggests that microalgae photobioreactor on the building envelope not only able to generate a 
significant amount of biomass, it also allows the reduction of heat gain due to solar radiation through the building facade that leads to 
better thermal condition on the inside. With the right temperature and protection from the direct sunlight and glare, this may contribute 
toward achieving a higher level of thermal comfort among the user, thus improve their productivity. Other than that, the application of 
microalgae PBR on the building envelope is not only promoting energy efficiency strategies but also brings people closer to 
microalgae as it promotes the future of sustainable design using renewable natural resources. 
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6.0 Conclusion & Recommendations 
The application of microalgae photobioreactor (PBR) is widely used all over the world, but the available options are limited as the 
design framework provided is not suitable for the Malaysian climate. This paper identified and determined the ten (10) design 
parameters for the application of microalgae PBR in the tropical climate building envelope. Parametric analysis with different design 
modules has been executed to analyse the compliance with the established design parameters. Based on the design modules, Design 
Module D complies with the ten (10) design parameters and provides the optimum usage of energy efficiency through the microalgae 
PBR. This study provides further research on the additional consideration in executing the design parameters, particularly on the 
application of microalgae PBR in the tropical climate region. The established design parameters also provide further direction for in-
depth study in quantifying the energy reduction within a building through the application of the microalgae PBR. 
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